Canada has ratified international conventions which recognize the individual's right to the enjoyment of the highest attainable standard of health. Despite the adoption of these covenants governments sometimes support policies and practises which trade off individual human health with other conflicting interests. This review evaluates the individual's right to health against government policies and practices which support wind energy deployment in Canada. Our analysis presents government documents, peer reviewed literature, and other references which support the conclusion that wind energy deployment in Canada can be expected to result in avoidable harm to human health. This harm conflicts with contemporary health and social justice principles. Governments have a responsibility to help Canadians maintain and improve their health by generating effective responses for the prevention of avoidable harm. Individuals have a right to make informed decisions about their health. Knowledge gaps and potential risks to health should be fully disclosed. Individuals should not be exposed to industrial wind turbines without their informed consent.
Introduction
Individuals in Canada enjoy the right to the highest attainable level of health and governments have a responsibility to help Canadians achieve this right. To this end Canada has developed health promotion frameworks aimed at achieving health for all. At the same time conflicting interests inherent in our society can result in inadequate health policies and practices and undermine the health and quality of life of many Canadians. The deployment of industrial wind turbines (IWTs) in Canada presents a contemporary example of the individual's right to health in conflict with competing interests.
The global installed wind energy capacity has experienced rapid growth since 2001 [1] . Coinciding with the operation of IWTs, some individuals living in proximately report adverse health effects [2] . These negative effects can be avoided if IWTs are sited away from residents.
In Canada IWT deployment has been supported by government policy [3] [4], major government funding programs [3] [4] and legislation [5] . In addition some governments in Canada have developed IWT noise criteria which can be expected to result in adverse health effects [6] [7] [8] [9] . In some cases Canadian families reporting IWT adverse health effects have: abandoned their homes; or been billeted away from their homes; or hired legal counsel to successfully reach a financial agreement with the wind energy developer [2] .
This review considers the definition of "health" adopted by Canada and the individual's fundamental right to its attainment. Policies and practices which support wind energy deployment in Canada are evaluated in the context of modern health frameworks and the responsibility of government to help maintain and improve the health of Canadians.
Materials and Methodology
A review of relevant treaties and covenants adopted by Canada since 1948 were evaluated to establish the following health principles:
• The definition of health
• The individual's right to health
• The individual's right to informed consent
• The role of governments to promote and protect health Government frameworks were explored to understand, how Canadians can best achieve health, and that conflicting interests can undermine the health and quality of life of many Canadians.
Documents obtained from government publication, websites and Access to
Information and Privacy (ATIP) requests were used to chronicle IWT policies and practises undertaken by government in Canada since 2005. These government policies and practices were evaluated against key health principles and health promotion frameworks adopted by Canada.
References cited in this review were retrieved from a variety of sources in- 
Canada and Health Principles
Canada has a historical role in the development of modern health doctrine intended to nurture a policy environment that supports health and where individuals of all ages and backgrounds can have an equitable chance of achieving health.
Canada, Health and Human Rights
Canada has described its governance structure as: Canada has a universal health-care system where Canadian citizens and permanent residents enjoy the option of public health insurance [12] and The Canadian Charter of Rights and Freedoms guarantees "everyone has the right to life, liberty and security of the person and the right not to be deprived thereof except in accordance with the principles of fundamental justice" [13] .
A Canadian Deputy Minister of Health, Dr. Brock Chisholm, became the first Director General of the World Health Organization (WHO) [14] [15] and was a co-draftee of the WHO definition of health [15] .
Canada, including both Health Canada and the Public Health Agency of Canada, continues to support the definition of health established by the WHO's … constitution in 1948: Health is "a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity [16] .
The stated objective of the WHO is "…the attainment by all peoples of the highest possible level of health" [17] . Canada has the distinction of being the Third Member State to ratify the WHO constitution [14] which in addition to providing Canada's definition of "health" declares "The enjoyment of the highest attainable standard of health is one of the fundamental rights of every human being without distinction of race, religion, political belief, economic or social condition" [17] .
Canada is also a party to international human rights treaties [18] which recognize the individual's rights to the highest attainable standard of health [19] [20].
Health Promotion, Prevention and Protection
In 2005 Health Canada identified one of the "Current Issues of Greater Significance for Canada" to be "non-communicable disease prevention and control" [14] . Protection of "…Canadians from avoidable risks" remains a goal of Health Canada [11] .
In 2012 The Public Health Agency of Canada confirmed Canada's approach to health is consistent [16] with the United Nations Political Declaration of the High-level Meeting of the General Assembly on the Prevention and Control of Non-communicable Diseases which recognizes the "…the primary role and responsibility of Governments in responding to the challenge of non-communicable diseases and the essential need for the efforts and engagement of all sectors of society to generate effective responses for the prevention and control of noncommunicable diseases" [21] .
In addition to supporting the WHO definition of health Canada has adopted "…two key documents… instrumental in focusing policy and program discussions on how health is created and how health can be achieved equitably by society as a whole" [22] . The two key documents are the Ottawa Charter on Health Promotion and Health Canada's Achieving Health for All: A Framework for Health Promotion [22] .
The Ottawa Charter on Health Promotion "…defined the fundamental prerequisites for health as peace, shelter, education, food, income, a stable eco-system, sustainable resources, social justice and equity. It also recognized that access to these prerequisites cannot be ensured by the health sector alone. Rather, coordinated action is required among all concerned, including governments (health and other social and economic sectors) non-governmental organizations, industry and the media" [22] . Health Canada's Achieving Health for All: A Framework for Health Promotion called attention to three key health promotion challenges: reducing inequities in health; increasing the prevention of disease; and enhancing the capacity to cope with chronic disease and disability. The Framework recognises the need for a multi-sector cooperation "…to ensure that the collective policy environment is one that supports health" [22] .
Canada recognizes the rights of individuals to be protected from arbitrary scientific experimentation and is a party to [18] the International Covenant on Civil and Political Rights which provides "…no one shall be subjected without his free consent to medical or scientific experimentation" [23] .
Health Risks of Noise Includes Annoyance
Health Canada's "broad mandate to protect and maintain the health of Canadians-includes protecting people from risks in the environment they work, live and play…" and the "…public expects government to mitigate these risks …" [24] .
Exposure to IWT noise has been identified as a plausible cause of reported health effects [2] .
The main health risks of noise identified by WHO are:
•pain and hearing fatigue;
•hearing impairment including tinnitus;
•annoyance;
•interferences with social behaviour (aggressiveness, protest and helplessness);
•interference with speech communication;
•sleep disturbance and all its consequences on a long and short term basis;
•cardiovascular effects;
•hormonal responses (stress hormones) and their possible consequences on human metabolism (nutrition) and immune system;
•performance at work and school [25] .
Annoyance from noise is acknowledged to be a health effect [26] [27] [28] [29]. Health Canada explained that according to the WHO "… health should be regarded as "a state of complete physical, mental and social well being and not merely the absence of disease or infirmity" Under this broad definition, noise induced annoyance is an adverse health effect" [28] .
The WHO pan-European LARES study explored impacts of annoyance in a sample that included children, adults and elderly participants. "The results of the LARES study -with regard to criteria for causal relations -confirmed, on an epidemiological level, an increased health risk from chronic noise annoyance" [30] .
Consequently chronically strong annoyance must be classified as a serious human health risk [30] .
The burden of disease of annoyance has been estimated. "Loss of health in populations is measured in disability-adjusted life years (DALYs), which is the sum of years of life lost due to premature death and years lived with disability" [31] . In western European countries, noise-induced annoyance is estimated to account for 587 000 DALYS. [32] 
IWTs and the Well-Known Stress Effects of Noise
Some individuals residing in proximity to IWTs report experiencing adverse health effects.
Reported health effects include, but are not limited to, annoyance, sleep disturbance, stress-related health impacts and reduced quality of life. [2] [33]- [44] .
Similarly occupational workers and technicians exposed to IWTs also have reported negative health effects [45] - [51] .
IWT noise (unwanted sound), visual impacts (shadow flicker), stray voltage and socio-economic impacts are identified as plausible causes of adverse effects [2] . The National Research Council (2007) reports "…to the extent that windenergy projects create negative impacts on human health and well-being, the impacts are experienced mainly by people living near wind turbines who are affected by noise and shadow flicker" [52] .
Pierpont (2009) documented symptoms reported by individuals exposed to
IWTs to include: sleep disturbance, headache, tinnitus, ear pressure, dizziness, vertigo, nausea, visual blurring, tachycardia, irritability, problems with concen-tration and memory, and panic episodes associated with sensations of internal pulsation or quivering when awake or asleep [33] . Pierpont (2009) coined these symptoms "Wind Turbine Syndrome" [33] .
In 2009 The American Wind Energy Association and Canadian Wind Energy
Association (CanWEA) co-sponsored a literature review which "…undertook extensive review, analysis, and discussion of the large body of peer reviewed literature on sound and health effects in general, and on sound produced by wind turbines" [53] . Based on this review Colby et al. (2009) In 2011 CanWEA advised the public "the association has always acknowledged that a small percentage of people can be annoyed by wind turbines in their vicinity.… When annoyance has a significant impact on an individual's quality of life, it is important that they consult their doctor" [54] . McMurtry and Krogh (2014) [55] present a diagnostic criteria tool to assist practicing physicians who are presented with patients impacted by IWT annoyance [56] .
Discussion

Health Principles and Conflicting Interests
The Ottawa Charter on Health Promotion "…highlighted the fact that health promotion action goes beyond the health care sector, emphasizing that health should be on the policy agenda in all sectors, and at all levels of government" [57] .
Our review of government publications, documents and websites confirm the following health principles have been adopted and supported by Canada.  Health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity.  Individuals have a fundamental human right to the highest attainable standard of health.  Governments have a shared a responsibility to help Canadians maintain and improve their health, while respecting individual choices and circumstances.  A primary role and responsibility of government is to generate effective responses for the prevention and control of non-communicable diseases.  No one shall be subjected without their free consent to medical or scientific experimentation.
While these principles provide underpinning for a socially just health doctrine, Health Canada's "Achieving Health for All" identifies major challenges which are not being adequately addressed by current health policies and practices including "…various forms of preventable diseases and injuries continue to undermine the health and quality of life of many Canadians" [58] .
Tobacco is highlighted as a historical example of how government policy can trade off preventable harm for competing economic interests.
Conflicting interests may exist between sectors. Such conflicts are intrinsic to our society. Take the example of tobacco. We are proponents of a smokefree environment. On the other hand, there are Canadian farmers who cultivate this product for their livelihood. Changes in tobacco policies have implications for farmers and smokers alike. In this instance the creation of healthy public policy necessitates responding to a situation with serious health as well as economic implications [58] .
This conflict between health and economic interests has continued to exist. In 2012, Health Canada reported "each year in Canada, second-hand smoke causes the death of at least 800 non-smokers, due to lung cancer and heart disease" [59] . Despite this avoidable harm, production of tobacco and tobacco products remain an active sector in Canada's economy. Statistics Canada reported Canadian manufacturers produced 21.5 billion cigarettes in 2014 [60] .
Achieving Health for All acknowledges "…existing policies and practices are not sufficiently effective to ensure that Canadian men and women of all ages and backgrounds can have an equitable chance of achieving health…" [58] . We explore this understanding by reviewing government policies and practices for addressing potential health risks associated with two contemporary exposures; tanning equipment and IWTs.
Tanning Equipment, Health Promotion and Protection
The Radiation Emitting Devices Act (REDA) is federal legislation that regulates devices which emit energy in the form of electromagnetic waves or acoustical waves [61] . Health Canada has identified both tanning equipment [62] and IWTs [6] [64] . The Guideline identified health risk associated with tanning equipment and focused on prevention of avoidable harm recommending the use of tanning equipment, particularly by minors, be discouraged [64] . Health Canada has also strengthened "… the labelling requirements for tanning beds to better inform consumers about the health risks associated with the use of these devices" [65] and in 2014 new Ontario legislation came into effect which, among other things, bans the use of tanning beds by youth under 18 years of age [66] .
These policies and practises demonstrate shared responsibility by multiple levels of government to help Canadians maintain and improve their health by:
generating responses for the prevention and control of non-communicable diseases, protecting vulnerable populations; and providing disclosure of risks so that individuals can make informed decisions about their health.
Industry Led, Government Supported Wind Energy
After considering the evidence and testimony presented by 26 witnesses [67] 
Government IWT Noise Criteria
CanWEA describes itself as the "voice of Canada's wind energy industry" [72] and was a WindTRM participant [71] . In 2004 CanWEA advised "…noise regulations can have a significant impact on wind turbine spacing, and therefore the cost of wind generated electricity …" [73] . The President of CanWEA has also explained IWTs are sited in populated areas because developers need access to transmission infrastructure [74] .
Regarding noise-induced health effects:
Health Canada considers the following noise-induced endpoints as health effects: noise-induced hearing loss, sleep disturbance, interference with speech comprehension, complaints, and change in percent highly annoyed (%HA) [75] .
Commenting on IWTs Health Canada has repeatedly advised "annoyance with noise is a reliable and widely accepted indicator of health effects due to environmental noise" [76] .
Health promotion frameworks and principles adopted by Canada suggest government IWT noise criteria would be informed by definitive scientific research and would not be expected to result in increased adverse health effects. This has not been the case in Ontario where provincial IWT noise guidelines have been developed [77] . Based on current knowledge, the sound from IWTs at the levels experienced at typical distances in Ontario is expected to result in a non-trivial percentage of persons being highly annoyed and contribute to stress related health impacts [9] . noise research and appears to be underestimated. IWTs sound has been consistently shown to be perceived by humans to be more annoying than transportation or industrial noise at comparable sound pressure levels [42] . Annoyance from IWT noise starts at dBA sound pressure levels in the low 30's and rises at 35 dBA [42] [79] [80] . Dose response data for IWTs suggest, at a highest allowed immission level of 45 dB(A) it could be expected that "… less than 14% of the exposed population to be highly annoyed indoors by wind turbines and less than 29% to be highly annoyed outdoors" [81] .
Health Canada IWT Noise Initiatives and Challenges
In 2005 Project Green and Health Canada and identified that
[t]here is a need to develop a federal framework or mechanism to ensure health impacts of new technologies or other mitigation measures are assessed before they are widely deployed or commercialized [4] [24].
Health Canada identified challenges to meeting this need including "competition for resources for research and assessment leaves many health concerns and potential risks unaddressed" and as a solution proposed to "…expand government partnerships and involve private sector in environmental health research, in defining priorities and participating in surveillance." [24] The 2010 Wind TRM declared "…members of the Steering Committee, government and our industry will be using this roadmap to direct the actions that are necessary for Canada to develop its vast wind resources" [71] . One of the "key action items" detailed in the Wind TRM calls for Government 45dBA IWT noise criterion for these guidelines [78] . The FPT Working Group was suspended in January 2012 owing to the lack of consensus among the members [70] . One FPT member expressed concern that limits of less than 45dBA would result in a loss of prospective IWT sites and limit expansion of an existing project [78] . Another FPT Working Group member commenting on the guidelines stated "…I do not see these as health-based. I think we would be on more solid ground if the basis of these guidelines was something other than health" [78] . In and there is a need for further research in this area." [70] In June 2012, after years of providing advice on IWT noise, Health Canada disclosed "Health Canada's ability to provide advice on noise impacts from WTs has been challenged…" [85] and officially announced its 1.8 million dollar
Health Canada Wind Turbine Noise and Health study (Health Canada Study).
The announcement acknowledged the Health Canada Study has "limitations", would be not be definitive and was intended to inform policy [85] . Also in 2012, the Canadian Council of Academies (CCA) was engaged by Health Canada to conduct an assessment of the literature into possible health impacts of IWTs [82] .
November 2014 summary results of the Health Canada Study reported high levels of annoyance associated with increasing levels of IWT noise and "…an-noyance was found to be statistically related to several self-reported health effects including, but not limited to, blood pressure, migraines, tinnitus, dizziness, scores on the PSQI, and perceived stress" as well as related to "measured hair cortisol, systolic and diastolic blood pressure" [86] . Subsequently in 2015, the CCA released its review of the literature into possible health impacts of IWT noise [29] and announced "…annoyance can be caused by wind turbine noise-a clear adverse health effect" [87] . While some IWT knowledge gaps had been previously identified [70] [88] [89] the CCA identified additional gaps and issues [29] and concluded "technological development is unlikely to resolve, in the short term, the current issues related to perceived adverse health effects of wind turbine noise" [90] .
Exposure Without Consent
Achieving Health for All describes a "New Vision of Health" which "…recog-nizes freedom of choice and emphasizes the role of individuals and communities in defining what health means to them." [58] Canada has ratified [18] the covenant that no one shall be subjected without their free consent to medical or scientific experimentation [23] . Some individuals in Canada may enter into contractual agreements with wind energy developers and accept potential risks of IWT exposure [91] [92] . However, unlike exposure to tanning equipment, exposure to ITWs can also be imposed on individuals without consent. Government has approved deployment of IWTs despite municipal governments having declared their jurisdictions to be unwilling hosts of wind energy projects [93] [94] .
Individuals continue to be exposed without consent, and have formed part of the sample pool of potential subjects from which researchers have drawn data and/or biological samples for government sponsored IWT health studies [86] [95].
Government Responsibility and Future Liability
A 2006 Health Canada memorandum identified that "[g]reenhouse gas mitigation technologies and measures… may pose unintentional threats to human health…" and "…the Government of Canada has a responsibility to ensure that these technologies do not negatively impact the health of Canadians" [96] . Another Health Canada document reported "it is unclear if the recommendations from these funding programs … are in the best interest of Canadians and also protect the Crown from future liabilities resulting from the widespread application of new technologies" [97] .
In 2005, Health Canada had acknowledged Canada's Climate Change Plan had "…no systematic assessment of potential health risks of new processes, technologies or products…" and stated "we cannot afford to wait until the health of Canadians is affected before we act. We have the means, tools and knowledge to become proactive in protecting the health of our citizens, in particular those most at risk" [24] . Health Canada presented a "Health and Environment Framework" which was to focus on "health outcomes" and "population groups at risk" [24] .
WHO identify children and elderly as populations more vulnerable to noise [98] and the Tri-Council Policy Statement: Ethical Conduct for Research Involving Humans dictates children, at all stages of development, and the elderly shall not be inappropriately excluded from research solely on the basis of their age [99] . However the Health Canada IWT Study excluded the vulnerable populations of children and elderly over 79 years [86] .
Blaming the Victim
WHO reports healthy public policy "…puts health on the agenda of policy makers in all sectors and at all levels, directing them to be aware of the health consequences of their decisions and to accept their responsibilities for health" [100] and Achieving Health for All points out … we cannot invite people to assume responsibility for their health and then turn around and fault them for illnesses and disabilities which are the outcome of wider social and economic circumstances. Such a "blaming the victim" attitude is based on the unrealistic notion that the individual has ultimate and complete control over life and death [58] . Some commentators suggest negative attitudes toward IWTs may contribute to reported annoyance [102] . However, researchers have found that IWTs were initially welcomed into the communities for their perceived environmental [35] or economic [37] benefits. Krogh (2011) wrote. Individuals report they welcomed IWTs into their community and the negative consequences were unexpected…When the health symptoms became apparent, there was an expectation that authorities and/or the IWT developer would resolve the issues. Individuals report their distress intensified when attempts to obtain recognition of their situation failed. An unexpected lack of response from a cross section of society, including government officials, industry, medical practitioners led to an exacerbation of their situation [43] .
Jeffery et al. (2014) reports the characteristics of IWT noise "…that are identified as plausible causes for reported health effects include amplitude modulation, audible low-frequency noise (LFN), infrasound, tonal noise, impulse noise and night-time noise" [2] . While suggesting infrasound impacts may be a non issue Health Canada's lead IWT noise investigator stated in 2013 "…subject matter experts seem to agree… that more attention should be directed towards low frequency noise (16 -160 Hz), tones and amplitude modulation and how to better model these impacts, including how these change across the seasons" [103] .
Governments aware that the consequences of their IWT noise criteria include a predicted increase in %HA must accept responsibility for their health decisions and advice. On the other hand individuals exposed to IWTs cannot be faulted for ill health when the conclusively demonstrated health effects are a predicted outcome of government supported IWT noise criteria.
Summation
The case of wind energy deployment in Canada presents a contemporary example of individual achievement of health competing with conflicting interests intrinsic in our society. Canada has ratified the WHO constitution which recognizes the individual's right to health [17] . On the other hand, the government also supports a major increase in the deployment of wind energy in Canada [4] [71] IWT noise criteria have health implications for individuals exposed to IWTs as well economic implications for industry.
A primary role and responsibility of government is to generate effective responses for the prevention and control of non-communicable diseases. To be effective prevention responses should be informed by systematic assessments of potential health risks. Such assessments should commence with a comprehensive review of the literature and identification of all knowledge gaps. Ethical animal research targeted at resolving research gaps may then be considered. Any subsequent human research must be conducted only with the informed consent of the subject. Once definitive research has conclusively resolved the knowledge gaps, a IWT dose response relationship can be established to help inform standards aimed at preventing adverse health effects. Health Canada's approach to IWT noise presents a different process. Health Canada acknowledged that "preferably the proposed criteria would be based on a dose response relationship that was specific to wind turbines" [6] . However Health Canada elected to base its 45dBA IWT noise criteria on traffic noise [6] [7] [8] and predicted an increase in the %HA. Recommendations which are predicted to result in adverse health effects conflict with governments' responsibility to help Canadians maintain and improve their health as well as the individual's fundamental human right to the highest attainable standard of health. Health Canada's subsequent acknowledgment that its "… ability to provide advice on noise impacts from wind turbines has been challenged by limited scientific research and knowledge gaps…" [70] suggests the Government of Canada has not fulfilled its stated responsibility to ensure carbon mitigation technologies do not negatively impact the health of Canadians. The continued exposure of non consenting individuals to IWTs conflicts the covenant ratified by Canada that no one shall be subjected without their free consent to medical or scientific experimentation.
Health Canada, has identified the failure of government to ensure technologies do not negatively impact the health of Canadians may expose the Crown to future liabilities.
Conclusions
A review of key health principles adopted and supported by the Government of Canada was conducted. These key principles were contrasted against Government policies and practices which support wind energy deployment in Canada.
Government documents, peer reviewed literature, and other references presented support the conclusion that wind energy deployment in Canada can be expected to result in harm to human health. The resulting harm is avoidable and conflicts with the individual's fundamental human right to the highest attainable standard of health.
Governments have a responsibility to help Canadians maintain and improve their health by generating effective responses for the prevention of avoidable harm. Individuals have a right to make informed decisions about their health.
IWT knowledge gaps and potential risks to health should be fully disclosed. Individuals should not be exposed to IWTs without their informed consent.
